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We reported that Lactobacillus plantarum converts biotin sequentially to an avidin-combinable and -uncombinable vitamer, the latter being impermeable to the organism (1). Krueger and Peterson (8) have reported that a similar organism, L. pentosus, degrades biotin to products not utilizable by Saccharomyces cerevisiae, which suggests that no vitamers accumulated. They demonstrated, also, that oxybiotin undergoes the same degradative process. It seemed reasonable to assume that L. plantarum would convert oxybiotin, as well as biotin, to vitamers. However, in the present study, L. plantarum was found to be similar to L. pentosus in that it degraded excess oxybiotin to products not utilizable by the yeast. Furthermore, it was found that nonproliferating cells, grown previously in either excess biotin or oxybiotin, degraded desthiobiotin, an analogue of biotin inactive for growth of lactobacilli.
MATERIALS AND MEHODS
Culture methods. L. plantarum (ATCC 8014) was grown in the medium of Wright and Skeggs (12), modified as described previously (2) . D-Biotin or DLoxybiotin (0-heterobiotin) were added at 500 X 10-4 or 1,000 X 10-4 ,ug/ml, respectively. These concentrations represent a level 100 times that required for maximal growth. Incubation was at 30 C under stationary conditions. Assays. L. plantarum was used for the assay of biotin and of oxybiotin by the method of Wright and Skeggs (12) . Standardcurves were preparedforeachmaterial. S. cerevisiae (ATCC 9896) was used for the assay of DL-desthiobiotin as well as for D-biotin and DLoxybiotin as described by Hertz (7) . The 
RESULTS
Oxybiotin, an analogue of biotin in which the sulfur is replaced by an oxygen atom, has been shown to be as effective as biotin in promoting the growth of lactobacilli (5, 8, 10) . Unlike other biotin analogues, oxybiotin functions without being converted to biotin (1) . The question arose as to whether growth of L. plantarum in excess oxybiotin would induce the biotin-converting enzymes (2, 3) . If the system was induced by oxybiotin, would it convert only biotin, or would it act also on the oxygen analogue to form vitamers? Experiments were designed to answer these questions.
L. plantarum was grown in excess oxybiotin for various intervals. Samples were removed after measurement of growth turbidity, and analyses of oxybiotin remaining in the medium and in the free and bound cellular forms were made (11) . Assays were performed with the yeast and the lactobacillus (Fig. 1) . The absence of any significant difference between the assays over the entire incubation period suggested that vitamers of oxybiotin were not produced. Up to 12 hr of growth, it was possible to recover 100% of the oxybiotin supplied initially. After this time, recovery began to fall. At 52 hr, only 50% of the initial oxybiotin remained. It appeared, therefore, that the organism metabolized the excess oxybiotin to products not utilizable for either the lactobacillus or the yeast, a situation very similar to oxybiotin degradation by L. pentosus (8) . The loss of activity for the yeast probably represents a great structural change in the oxybiotin molecule, since this strain of S. cerevisiae utilizes a variety of biotin vitamers (6, 10) .
Relationship of oxybiotin degradation and the conversion of biotin to vitamers. Conversion of biotin is controlled by the pH of the growth medium (2) . Since degradation of oxybiotin began after 12 hr, at which time the medium was in the acid range, the effect of pH upon the initiation of oxybiotin degradation was studied.
Each of two flasks containing growth medium was inoculated with cells of L. plantarum. The cultures differed only in the initial pH; culture A was adjusted to pH 6.8, and culture B, to pH 5.5 before inoculation. Beginning at 12 Figure 4 shows the oxybiotin-degrading activity of cells grown with either biotin or oxybiotin. Activity in 17-hr cells grown under either condition was similar, whereas 12-hr cells exhibited no activity. Cells grown with oxybiotin for 24 hr showed degrading activity equivalent to the 17-hr cells, but cells grown for 24 hr in excess biotin exhibited a 60-min lag before oxybiotin degradation ensued. Biotin conversion by these cells followed the same pattern (Fig. 3) . Thus, the organism need not be grown in oxybiotin to have degrading activity.
Further evidence for the similarity of the two activities was provided by the Mg and Mn requirements ( The question arose next as to whether cells that convert biotin to vitamers and degrade oxybiotin would also affect desthiobiotin, a naturally occurring analogue of biotin (lacking the sulfur atom) which is not utilizable for growth by lactobacilli (4, 9) .
For this experiment, cells were grown in excess biotin or oxybiotin and were tested in the nonproliferating state for their ability to degrade desthiobiotin as measured by a loss of yeast assayable activity (Fig. 5) . Once again, the cells showed the same patterns of activity for desthiobiotin degradation as for biotin conversion and oxybiotin degradation. Desthiobiotin was not metabolized by 12-hr cells grown in either material. Cells grown in excessive amounts of either compound for 17 hr showed similar activity with no initial lag. Those grown in biotin for 24 hr demonstrated a lag before desthiobiotin degradation ensued. Oxybiotin-grown cells (24-hr) showed the same activity as 17-hr cells, which is similar to the finding with biotin conversion ( Fig. 3 ) and oxybiotin degradation (Fig.  4) 
